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Thies experiment outlines « techaique fer obelning 
Giffveien donstante of metals ct tergeretures weil below 
tuelr pelting pointe by toe appiicetion ef foree fielca 
of 160,060,000 tiwes tim aoceleration of aravity with 
@ migneticesupported aaguetiscairives ulbraventrifuge, 
Three gueveesive ieyers of sliver sere electro=deposited 
upon the cylingerical surface of a 6,05 om diameter otee. 
reter. The inser layer (5.5 2 107° cm thick) and the 
outer layor (1.36% ic” qu thics) cometesec of orilnory 
wilver, while tae middle layer (5.5 2 107" om tnien) one 
tained silver enriched with tne radioisotope ag”, zee 
SOLOr WE Suepeaoeo amd) Bpun in 8 evecuatzed chasser, 

The raciel movement of the i" was Getermined by sGunte 
ing the beta particles emerging threugh the peripnery of 
tee roter by & Scintlilation omstali, pootowmsitiplier, aac 
pulse bheignt enalyzer cireuit of & function ef time, Tne 
FSDults ehow thet toe selfedisfurion sonstent for tilver 
at seventy-two Gegress centigrade is avpproximeteis 6 to 

— x i974 om” fees » Thees techaiques are also of walue for 
the determination of the machenieam of diffusion. The ree 
Suits of Wiis experiment irsticate that the mecoeniesm of 
#@,felifiudson in silver is tie vacancy excoange mebinanslen, 
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TRTRGOUCTION 


The results of rekearch in the field ef diffusion 
of solid materiels, besides giving a better insight to the 
pehavior of selid meteriels, lend themselves to many eppii- 
eations in the field ef metallurgy. Several metallurgical 
processes which involve diffusion are: scarbuxining, in. 
whieh carbon diffuses inte steel: nitriding; manufacturing 
ef bimetallic stripe which depend upen the adhesion resuite 
ing from the interdiffusion of the two metals and the rate of 
age hardening end transformation of metals, Ry relying nore 
en purely scientific work, metallurgy is becoming leas of 
an art and wore of | science, it wee therefore felt that 
some additional work toward the better understanding of tht 
Giffusion mechanism of metals coulda provide 4 worthw:tile 
contribution to physics. The research reeulte emi akifuae 
ton theory based on them could also be applied to tre field 
of metallurgy. 

Becaues the time required for the diffusion cf 
atoms through #@ certain distance increages as the tempera- 
ture of the material is lowered from ite melting potnt, the 
diffusion constants of matala at temperetures well below 
their meiting pointe are very cifficult to ovtein, A 
method for inoressing tie rate of diffusion at these lower 
temperatures is by a&ppiying large directional forces, The 
ultracentrifuge techniques of appiying extremely high 
Girectiona., forces te very thin Slime without tre usual 
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attendant ¢wizting moments end force concentretions, develope 
ed by Dr. J.W. Beams’ makes possible the study of the aiffus- 
ion properties of metals et temperatures fer below their 
melting point. 

The detection of diffusion is acecemplisned by eitier 
of two common procedures, the “direct” op the "indirect" 
wethod., The “direct” method consists of placing two tube 
stancea in contact and meintaining them at an elevatec 
temperature, This teehnique requires a long period of 
time at an elevated temperature to allow @ measureazhle 
amount of diffusion to take place. The specimen is 
sectionslised, and the diffuaeion determined by chemicas 
analysis of successive sections, 

In the “inéirect" method, ae radioactive isotepe is 
used for one of the specimens. Concentration of this 
wmeterial in the second Specimen is ceterminec by cetece 
tion of the radlosctivity. Thie method was firet employed 
by von Revesy, Seith, and Keil,” who used an alpha emitting 
lead isotore, Therium bh, to determine the self-diffusion 
of lead in & lead winglie crystal. as diffusion progressed 
the chenge in tie rate of radicactive emigsion was used 
e2 an indication of the change in velaetive displacements 
of the atoms, 

A tombination of the application of a¢ 
forees ranging to {00,000 times the acceleration of gravity 
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«3 
and the “indirect” disfusion detection method had pre} 
viously seen used in this laborutery for preliminary 
investigations of the pelfadistusion rate of silver?” ‘, 
The resulta indicated that more enlightening information 
concerning the basic properties involved would de obtadne 
ec if mich greater forces wexe applied. Ageomdingly, 
this investigation was conductea by using the “indirect” 
detection method in conjunction with sentrifugeily 
applied ferce fields ranging to 160,000,G00 times the 
acceleration of gravity. 


CORSIOERATIONS OF DIFFUSION THEGRY 


Three possible simple mechaniems for tie diffusion 
of the atoms of one metel, A, through @ getallic seiid, &, 
are: 

i) She A atome say individually diffuse tharouga 

the interetices of the solid, #3 

' 2) The & atome may exchange position with the 

BS atone within the latbice; and 

3) Tee A atome may move inte adjacent vacant 


positions in the lattic®.°f the eolad, b. 
in the case of the first mechanian, tee activetion 


energy required to move an atom increanee greatiy ac tiv 
Sise of the intersticial sites ia Gdiminisned. Theee sites 
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wack we 
are much smaller thar the atoma size for metals forming 
Bubdstitutional alioye and therefore ome would expeat that 
only metaic forming intersticial alleys would iead theme 
selves to thia type of mechanisa, 

The activation energy required fer tae secand 
mechaniam should be of the same order of megnifude as the 
cohesive cnrergy because, Guring the exchange of positions, 
the two interchanging atoms would be fercad closer toa 
gether by the sarroutiing atoms of the lattice. Tw Lize¢iie 
heed of this mechanian being responaivie for ciffuelon Le 
rather low considering the values of the activation energy 
ootained from numerout gate. (This kes been compiled py 
Seite.” ) 

The thir! mecheniem for diffusion assumen that 
vacant eites, nerdafter calied vacencies, exist in the 
lattice of the material tivrepy creeting a certeln amount 
of digserder. Theoretical work in therm™miynemicas indicates 
that the disorder introduces py the vecancies in tie lattice 
atructure would result in @n Lacrwaae of entrepy . 

Although substitutional alleys are net expected to 
Giffuse by the firet mechanigm, the problem of cetemsining 
which of the other two mechanianme is responeibie for their 
@iffusion i# still present. im fact, Zener” nas proposed 4 
combination of mecnanions, in which couplex geametrical 
patterna of the motion of the atoms give rigs to diffusion, 
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~ & « 
But regerdiess of the mechanisa involved, the relative 
displscement of the atoms, A and B, must be known to 
determine the rete of diffusion. A classic exenpie of 
Getermining the rute of Ciffusion by measuring the ree 
lative displacement was accomplianed by Smigeiskas and 
Kirkenda22. Relyodenum wires were eavedded ut tre intere 
face between copper ami alphe brass. After maintaining 
the specimen at a high temperature for a long pexiod of 
time, the molybdenum wires were found to have moved into 
the bress. inveatigations of other racencentered cubic 
metal paire reveclec tne same effect. This is considered 
an indicetion thet nelther the direct exchange mechaniou 
nor the Zener theory are the chief proseases of diffusion 
in these metels, 

These ie a atrong reletionahi; between tenpervatare 
and the diffusion rate in both grain boundary and lattice 
agiffusion. This cependency 4 expressed oy a relation 
of the form, > = Gonst. < “TT where A is the gus con- 
stant; 7, the abeclute temperature; anc «, she activation 
energy wnich must be @guppited before an atom may move 
from one position to another, The quantity represented by 
D is called the diffusion constant. 

it was shown by Jonnaon” thet tne self aiffusion 
constant for ailver differed for grain boundary ani lettice 
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» 6 « 
adiffusion, This is¢ in agreement with the theery of 
Chalmera” based upon the behavior of very cure tin in 
the vicinity of its melting point, His results indicated 
that the melting point of tne material in the grain 
bounderies was slightly. lower thin tant of the bulk 
material, ‘rom these results it we conoluded that the 
transition layer of etome tn the arain boundaries wea 
thermodjnamically lesa steble than the interier atous 
of the grains, This agreed with the previous remarks 
concerning 1neressee of entropy with higher vacancy 
concentration. 

The eonstant term in the expreseion previously 
given for tie diffusion constant depemis upen the metal 
and varies very Slowly with temperature, The values 
for the activation energy es well as fer this sonstant 
are found by fitting curves to exverimental deta, 

several investigatiiona have been undertaken to 
determine the self-Gitfusion ecenstants fer silver by 
electrodepositing & radioactive silver loyer on the 
surface of regular silver. Hoffman and turepuia?” fauna 
that the grain boundary diffueion constant for eilver 
into nigh purity sliver was independent of the grain eice 
of the specimens. They found valued of the constant and 
the activation energy of 9.03 on /sec. and 20,200 
calories per mole respectively, at temperatures avon 
four hundred degrees Centigrade, Johnson round values 
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«7« 
of 0.995 ané 45,990 im the case of lattice eslfediffuston, 
Ln more recent work with silver, Turnbull and Hotfmen*+ 
found new values for grain boundary self-diffusion of 
0.14 and 19,700. They else determined that the diffusion 
rate along dislocation pipes produced by cola working 
the smsterial may be identified with the low engle grain 
boundary diffusion sonatant, is independent of the engle 
of misorientation for angles less than thirty degrees, and 
is several orders of magnitude greater than the lattice 
peifediiffusion rate. 

in order ta determine the diffusion constant 
from the observed change in the counting rate and the 
elapsed time, it was necessary to determine the concentra- 
tion of the redsotactoric atoms az & function of tilee 
and positions; introduce the absorption coefficient; and 
integrate this quantity over the entire thickness of tire 
films. 

The problem was attecked by assuming thet tire 
filmes consiated of a sea of grain boundaries and thet the 
G@iffusion ef the silver radioinzotopie atoms took plase 
by exchenging positions with the vacancies in the crain 
boundaries, This aliowed the application of Fick's Laws 
for deternining tie concentration, ©, of a solute in a 
solvent in terme of space-time cecormiinates, The situation 
was reduced to the one diweneional case by the use of a 
collimating siit whieh limitec the area of the rotor 
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26> 
exposed to the cryatal, Fick's Laws, reduced to the one 
viimene@ional form, become - 
J2-D& 
and Lo = o bf&, 

where J is tne diffusion current; b, the diffusion constant; 
and ©, the concentration of ti racdlolsotvtere, 

The foliowing as@uaptions were wade to obtain 
& BOAution to the above equation tet wold most nearly 
depict the experimental concitiona: 

1) All diffusion took place through tie grain 

bounderzes as the lattice diffusion was neglig« 

ibiy gmali. 

2} ‘the grain boundaries acted as vaeancy sources, 

3) The radioisotope war avenly distributed at 


alt ee and 


time Zero between x equelie 0.55 x 10 
xX equals 1.30 x 10 Cie 

4) ail ef the mterial tnat nigrated to the free 
euter surface (x equelia 2.46 x i0~* em. )}, passed 
through the eurface and remained there under the 
influence of the centrifugal field, 

&) Axl ef the material thst aigrated te the inner 
Silver surface in contect wlth the steel rotor, 

(x equals zero), would after a very long period of 
time migrate to tHe outer aurtace ead remain there 
umier the influence of the centrifugal field. 
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6) A uniform force field, ¥, acts in the positive 
x direction. | 
By applying the above assumptions to the Fick onee 
Gimensionel equations, the following equations and cone 
Gitions were obtained: 


eS) X22.¢8 410 "cm fo all f 
i ween X= O fer all € 
fe AC 

and 7) = pe -4 fF ay 


where 7 is the transport function, D/RT; and * is the 
difference in the force applied to the two exchanging 
particles, -«(/-<vjw* « In the case of vacency 
diffusion, /2 @quale zero and F reduces to --. w*~ 
where mis the masa af the siiver radioisotopes “ tie 
rotational velocity; and r, the radius of the rotor. 
After solving these equations for the concentrae 

tion; multiplying by the fector, < ml ang inbegrating over 
the entire thickness of the sliver filue; the following 
expression for the counting rate at any time, t, was 
ontained, 
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This equation reduces to: 
1) for & equals sero, 


eal “f'2 
A ee 
ec 4 (@- 2,) 


2) for a force field procuced by a rotational 
velocity of 200,000 revolutions per second, 


= 4035S 5; 


as 
— Ue A LAID #1 3 3.é3"0°DT 


MV, = LH9I2Z- OO07sSe — 49902 € j ano 


3) fer a foree field produced by a rotational 
velocity of 400,000 revolutions per second, 


7 
- $,20r/O OF 3 F 
= _ ~YPSw.? re ~AYIxX,” ” 
Ny L192 O,0 $f Ee - 2o20016 € p+ avoeese vi 


For comparison with the above effects, a calcula- 
tion of the maximum change in the counting rate was made 
by congidering only thermal diffusion. Zhe calculations 
show thet the maximum observeble chenge in the counting 
rate would be only ene half percent when complete equilie 
brium hed been reached. 

The methemnaticai details of tris theory are given 
in Appendix Ii. 
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EXPERIMENTAL TECHNIQUE 


The puapenatnae tracer technique for determining 
the gush that /eattade atoms within a solid material appeare 
ed to fulfill the requirements necessary for tho deter- 
mination of the effect of high centrifugal fielde on the 
diffusion rate of siiver, ‘this tracer technique sppeared 
more Gesirable than either the sectionalisation or 
chemical] analyais techniques in that 16 allowed successive 
data to be taken without demaging the filws, during the 
period of time the forces were applied. The electrode. 
position method for obteining the desired flius was 
selected in preference GW the evaporation method as tne 
films produced would have better adhesion properties and 
at the seme time this method woulc present iess ot /Fecie- 
tion health hazard. 

Since the investigation was to be carried out 
in very high centrifugal fieids, of the order ef 1.6 x 10° 
times the acceleration of gravity, the following prcparae- 
tion technique wos developed to insure good adhesion of 
tie filme to the steci rotor. The rotor was: 

1} Lemerced in an acid cleaning and etching 8619 

tion for five minutes to thoroughly cleanse enc 

lightly etch the surface of the rotor. (this 
solution was prepered by mixing 26 mi. of sulphuric 
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acid with & ml, of water to which was added 1.6 

mi. of hydrochloric acid and 33 el. of glycerine); 
2) immersed in @ saturated aqueous sodium car- 
bonate solution to neutralize the scid; 

3) rinsed with distilled weter and allowed to 

air Gry; 

4) electroplated for thirty seconds at 0.75 ma, 
in a silver strike solution?” to give a very 

fine layer of Silver with axcellent adhesion propere 
ties (fnie solution was prepared by dissolving 
432.5 mg. Of Silver cyanide and 22.0 gram of 
sodium cyanide im 500 ml. of distilled weter); 

§) electroplated for thirty seconds at 0.15 ma, 

in & @liver syanide solution? {this solution wes 
prepared hy dis@elving 15,0 graeme of sliver cyanide, 
20.5 grams of potessiua cyanide, and 22.5 graeme 

of potessium carbonate in 500 ml. of water); 

6) electroplated for thirty seconde at 0.15 ma. 

in a Silver cyanice solution enriched with the 
Silver readicisotope 110 (this solution wae prepared 
by dissolving 155 me. of silver cyanice which sone 
tained 56 mg. of the radioisotopic siiver, 170 mg. 
of potassium cyanide, and 156 mg. of potesaium car 
benete in 4.2 mi. of water); and 


» 18 « 
7) electroplated far seventy-five seconis at 
0.15 ma. in the sliver cyanide solution described 
in 5) above, 
The thickness of the files wae determined from the 
following equation derived from Faraday’s Laws 


» ig _ 
‘e }000 FA 


where T 18 the thickness of the film in centimeters; M, 

the molecular weight of silver; a, the current in willie 
emperes; ©, the Faraday constant; had the density of 

ailverz; A, the area to be plated; and t, the piating time 
in gecongs. The current density was aaintained constant 

at 17.2 ma. /om” for a1] quantitative piating. ‘he various 
sayer thicknesses were obtained by varying the piating Gime. 
The thicknesa of the layer cbtained from the strike solue 
tion could not be calculated from the above formula as a 
result of the extremely high cyanide concentration, but 

wae determined grevimetrically to be of the order of 107° 
6a, This provided an extremely thin, highly adhesive 

bond for the subsequently applied tiicker filme, ‘The thicke 
nese of the firet film of ordinary silver end the fila 
enriched with the silver radioisotope was 5.5 x 107° em. 
end the thickness of the outer film, or overlay, was 

1.36 x 107 om. Microscopic exnmination revealed that the 
films prepared in the above manner were polycrystalline 
with a grain size considerably lese than one micron. 
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The energy spestrsa of the beta ray empission 
from the plated rotors were obtained by meana of « 

‘ seintillation eryatal, energy diseriminater and count= 
ing device, described under “Description of Apparatus,” 
& typical energy spectsum is aiown in Figure i. Since 
Siiver 120 emits beta rays of both 0.53 and 0,087 Hev., 
it wes necessary to establish walck energy beta rays 
were being observed, An energy spectrum of Cesium 137 
waieh emits a Slngle bete rey of 0.51 Mev. wee texen. 
The huep of the Cesium spectrua was found to lle «t about 
the same energy range es that of the sliver spectra, 
esteblishiag that the oSeerved beta rays from the sliver 
euniseiona weve the 9.93 Mev oete rays. 

I¢ was noted thal by varying tae thiskness of the 
overiay the counting vase ab each energy level was wltered 
in auch 4 manner as to resuit in a vertical dispiacenent’ 
of the curve. Ho shift of the energy range of the hump 
in the Gurve was detected. Therefore, the change in the 
gounting rate in ah energy band which inciuded this hump 
was selected as the parameter for determining the movement 
of the radiosctive atoms. ‘this band ranged between two 
energy ieveis at which the connting rates were approximately 
equel and the slopes of the curves were approximately equal 
ani of opposite sign. Referring to Figure i, this banc 
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ranged from 10.0 to 17.0 volte (pulse height analyzer 
settings). 

ZO obtain an absorption coefficient which would 
aceount for experimental conditicna sueh aa scintillettion 
erystel geowetry, surfaces obteined by the plating 
techniques, and others, eight rotors were plated with 
the resiolectope, the qumber of counte in the energy 
band desoribed above was totaled during a eix minute 
period for sach roter, The rotors were then pleted with 
veriour thicknesaes of overlay and the number of counts 
in the band of each roter were again totalled during a 
Six minute period. { control roter, consisting of a 
rotor plated with « thick layer of the sadicisetepe and 
covered with « yery thin coating of polystyrene, was 
counted each time 9 test rotor was cmuntes., The ceaay of 
the Silver radicisotope aml the drift in the sounting equipe 
ment were compensated for by adjusting the number of counts 
of the test rotor at eny time by the ratic of the actusel 
number of scounte of the control retor et that time to its 
value ot the time of the initisl esounting of the test 
yotor. The dsta is tabulated in Taple {. The spectrum of 
esch roter was checked again and no leterai shift of Ge 
energy hump was ascertainable. in average abeorption coe 
efficient of &.57 x 10° reciprocal centimeters was obtained 


a. 
ee ee 
anne 
ee ee 

“TiAl tameps OF stor Rom bakrnoy Le PYRE TEA SOs Ome 
EEL, OS yh SINT mI ETS I 
tty te ER omy) Ae ee Joye oe | Pe 
ere wt) Ad tee Se ree ew” ec ow 
IDE 8 thw lM Ole mite bed lveme Cnet 

















4 Satoh inkinind ealees enee eee dope Je eens osd 
(Ae Gee owe fevdews (Whee, tema ale 





Me Se Vk Bead rake 6 ED hedolg nope 
1 Sry cter DF pataad MY Wet 6 adhe bere 

Ye Greet Peery Gee Sere 2807) lr ae to 
“thepe pAbemD wd 9) TIIED Oe Cee HCHO VERSE at 
eel dea el ld Rete 
he Be eee 
a 
row wm! De yates LURE Be te ee oe de onlae 
 ercienye ®t eleel ah Aowadpery 4) Mae) vet Snes 
Pee re Levees ay are Sam tema cee ao oer 




















Mea 


from thie investigation as tijustrated in Appendix ff, 

The temeratuse of the roters umMer various coti- 
ditions was determined by mesrai of Teumpil sticks. The 
metersal, whieh is of a powders polyorgstalline form 
when applied to the roter, meitr at a particular temperae 
turn and heeoreg # deepeGolored amurphous asas, The 
sticks were calibrated in the vacuum system by sosparison 
With a tenperature indication obtcine!d from en Lvome 
esnstentan thertiocougle and Rubicon octeantiometer, The 
rotor wes heated by radiation from a tungeten coil leceted 
in. the vacuum system, The melting peint of the sticka in 
the vaowuwm wer found to sgree vary cleacly with thair 
rated melting point in air, The rotors were then marked 
with the sticks, supported by 2 amall fiber in tae teat 
chember, and subjected to vertous fields and conditienr, 
the date ia tabulated in Table If. I%% was found that the 
waxiaam temperature attained by the rotor wes about 72 
degrees centigrade. Approximately ten degrees of this 
temperature rise resuited from the radiation of the apsed 
detection light sourse. 

Several tests were made with rotors, plated as 
outlined in the pranpexsntion paragreph above, held at a 
constant temperature of seventy-two degrees centigrade in 
an oven. The retors were counted at various intervals 
during the seventy two hour period of the runs. 





a Yih A a ieMobe, etal sury 
-e& "we Ge tent of Y wetrrmey wt 
= .erneee ioe! [eo ser gf caer ame eersp de 
Oy Lag eter @ ae 0k ote Cn teeaten 
SO 
Se es ee 
OL gt gf TANI heya? mt at Ce tkes OTee CaReTe 








Se ee ee ee 
 mtAdE 008 Ve Mite sOliim ae) eeeThO owen aA 
timer mee RAAROIT COPY PreS: ef lore) omy sme tr 
a CS ye Semper OI le my Dany get Ii ee Pate 
fet ed ok ed) Lhe 6 ot bebe reas aa) elie 
ee eee ee ee 
or few eel ee ed A ee 8d ote ey 
T) te met eT fae Of Pemkerty sete com enakeme 
Mat fe OS Eh Et PTR ONY). Sn R TENS mepmane 
ee ee] 
- fete) Det, alse oe 
PPK, COTS ALE SO erm eet Ue 
5 A GL TON METEETEN, Cob MRe may aL! 4h meson 
ee oe eT 
Aierehes Qomheee OEE SP EE .gh ae 

































» if 


Teats uting the sentrifuge werd cométucted in the 
following wanner, The test rotor wes pleted with the 
various files, the nuaber of counts in the selectod 
energy band wap totaled for @ period of time, ana tars 
roter was then plecec in the centrifuge, Tne contro. 
rotor wus then counted. “he test soter wis acceierated 
to the desired opeed. 4% appwopriste Cime Latervaln 
the rotor wan ceceleratedc, removed [rem tie contrifuge, 
and ite energy band count fobalied, The enengy bend 
count of the control rotor wer aleo tetelied aft this 
time. The test reter wes placed in the cantrifuge 
again and acoslernted to the desired speed. Arter ad- 
justing the nuaver of counts of the test rotar, as dine 
cuened shove, the ratio of ii adjusted muaer of cowita 
to 1ts Initial masses of counte wes comguted, 

Vente were conducted useing rotational, velecities 
of two hurired thousand end four hundred thousand revelv- 


tions per second. The date are tabulated in Tables Iii 


om IV, and shown in Pigureé 2@ and 3. The effects of tae 
varying force fields applied curing the soceleration enc 
Gecaleration periods were compensated for by computing 

an effective time thut tie rotor was at the desired speed. 
Thig is illustrated in appendix Ti. 
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APPARATCS 


Tim apparatua umed in this investigation can be 
gubdivided inte Chewe peste: 

1, The plating apparatus for electredeposi ting 

the cilver flims om the rotors. : 

a. ‘The ultracentrifuge enc releted equipment 

used 06 apply iarge centrifugal forcer om the 

tet voters, and 

3e ‘She apperetus used to cetect ani count the 

ratiecetive ewmicaions from the teat rotors. 





A water bath kept at constant temersture oy «@ 
mercury thermoawitch controlied nichrome heating element 
maintained the plating solution at the proper pleating 
teupercture, The free@work holding the pleting zolution 
beaker in the temperature bath wae designed to sliow 
rapic removal of tie beaxer and insertion of the ration 
agcive plating solution cortainer. 

time Pediouctive pleating solution wae enclosed in 
a tulek braas container? to lessen the saount of tadilee 
Sion exposure to the experimenter. A pistinum ancds wae 
employed to reduce to 8 ulaleum any variations in tae retio 
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of radioective silver te nonvactoactive silver soncentrée 
tiene in the solution. A tight fitting brnes cap on the 

solution container kept evaporation of the solution ta a 

minimum curing storage, 





& magnetic wuspension, magnetia Griven vitroe 
centrifuge wes designed and constructed to support and 
Bpin very suai. rotors with retetional velocities ia 
exceas of owe million reveiutions per sevend. Figure 4 
Shows an evercll view of the eentrifuge ang related equip- 
meut. Figures 5 and 6 show eehemitis cross-sections of 
the centrifuge preper. 

ai Support syatem Gonsiatea of a large Lron 
eore solenoid mountec above the rotor to supply the 
Support field, and a very suall sensing coll also mounted 
anove, but very clove to, tae retor to detect changes in 
the vertical poanition of tae Proter. Thi sensing coll wes 
% aomponent of the grid tank elreuit of a tuned~grid~ 
tunedaplate osectiilater, tae output of waieh sontrolied the 
current flowing through the support solensid. The senwing 
coil consisted of one hundred tairty turns of fifteen ten 
theugandtas ineh enameled copper wire with sn ineide 
Gismeter of one thirtyasecond inen anc an outside diameter 
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ef threcasixteenthe imek, At the rotor changed Ltr 
vertical position, the Livductence of the gria tenk eotl 
was vghanged, detuning the ofclilator. This regultec in 
an oscillator eutput signs} which wme e function of 
the rotor's vertical position. The amplified eignal 
was fed through a phase shift network to minimize overs 
ahoot and to insresae vertical etabi2ity. fhe support 
ecireuit 22 shown in Figure 7, PAguret & aml 9 show the 
power supplies used with the support circuit, 
Horizouteal oeciliations were suppragas’ hy 2 
combination of twe proceturee, The first oroersdura 
wee to position the roter goncentricaliy with the sens 
ing eoil and the magnetic suppert field. This wae 
accompliehed by ehenging the reosition of the seovable iron 
core in the suppert solencid. This edfustment was very 
critical, The second precedure wae to lace a very fine 
wire damping newdle immereed ih light o1] under the roter 
Ghamber wf shown in Fiowre & It wee leter diaecovered 
thet @ long thin rod ef soft iron, substituted under the 
chember for tie wire damper, shaped the magnetic support 
field suffielentiy to provide excellent damping properties. 
The drive cirentit consisted of a Hortler oneiliator 
opereting et a fined frequency of 1.3 megecyoler which 
fed @ signal inte a phase splitting network, ‘the two 
Signals, ninety degrees cut of phase, were amplified end 
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applied to two sets of drive coils. The four colle were 
positiones synetricaiiy arounc the chamber. The colle 
were wound in cenicnl shape te previde the marion 
number of ampere-turne &¢ & minimum distense from the 
rotor and *ach set wee tunes to meximum Fesonance by 
act justing parnijel connected trimmer capacitors. The 
emount of sccelerstion war controlied by varying the 
exthode level of the power empliftert, The induced 
eidy eurrente ia tae rotor frou the reteting megnetic 
field seveec the roter to seeslerate, feoeleratione of 
thirty hhcusnend revelutione per secend per ainute were 
not uncommon and a velocity of one million torty five 
thousand rerelutions per second wet stieined vefeore the 
roter expleced, The cireult dlagran for tue drive date 
cuit Am Ghown in Figure 10. & conventional 300 volt 5.c, 
regulated power fupply with en cuipet of 460 milliespeares 
at ore pereeat regulation wae used for the drive cirevit. 
408 Sirondit is shown in Figure 11. 

fre epeed deterwination of these geali roters 
rotating at very Ligh velocities presented @ chhitenging 
preblem, Thie wee overcome cy focusing light fran a 
DaG, Source on the surtece or the wetor tirevgh tie apen 
core of one Of the drive colin, The rerigcted ight was 
gathered and transferred to a pnatemultipiier tube by « 
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lueite light pipe. ‘This alse cut dow tie background 
level of the photomultiplier due to stray light. One 
half ef the reter surface war then darkened with india 
ink te provice a greater change in intengity of light 
refiected to the photomultiplier as the rotor revolved, 
Tie output of the tube was then beat against a sine 
wave output from «@ HewlletePackard S504 Test Gecillator 
eon an oseliloscope. iy noting the resulting Lissajous 
pettern, the speed wes determined, The test osclllater 
waa callbratec ageinst the etandard frequencies of FxV. 

A conventional vacuum system con@isting of a 
mechanical fore pump, « dryer containing phosphorous 
pentoazide crystals, en ol] diffusion pum and a fore 
pressure thermocouple gauges whe usec to attain veeuuma 
of the order of 107° as. of mercury. ‘The system incorporated 
& high vacuum stop cock, ground glees joint, and on aire 
predrying inlet system which elilowed removal and replace 
ment of the rotor with minimum loss of time for the punips 
to reestablish the operating vacuum level. 

The one half miliiemter diameter rotors usec in 
this experiment were made by polishing 0,020 inch piano 
wire to a diemeter of 6.0197 inch or 0.5 ma., then cutting 
off lengthe approximetely one millimeter iong, inserting 
them in ao predrilled thin steel piete end grinding both 
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surfaces of the rotors and plate to a thicknese of 
09,0168 tneh, These dimensions provided a configuration 
of the rotor that wea very stable while spinning. The 
retors were then punched from the plate when desired 
for use. 





The beta ray counting apperstue, shown in Figure 
12 end schematically in Figure i3, consisted of the 
Lfoliewineg : 

1» oa padestal for positioning the rotor, « 

eatiibene scintillation erystal ang a photee 

multiplier tube; 

2. &@ lineer amplifier; 

3e & pulse heignt analyzer; 

&, & Sealer; and ] 

5. a timer. 

the rotor wat positioned at the same place in 
front of the stilbene oryatel esch time it was counted 
by plecing it on & very seall Clameter pedestal. it 
wes found to be almost impossible to position the rotor 
$O that the identical surface area of the roter wae pre-e 
sentec st the same angle to the ¢erystel surface, Theres 
fore, the pedeatal waa rotated by a one RFK motor which 
operated automaticaliy when the “sount” switch on the 
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scaler was engaged. This necessitated the use of ine 
tegral numbers of minutes in the sounting periods to ine 
gure thet the rotor was turned through complete revolue- 
tions, A seven thirtyeseconcs inch lead shield was 
mounted between the rotor and the atilbene crystal, « 
collimating slit consisting of 4 sige eighty drill hole 
in the lead ahield limitec the area of the cylinder 
geen by the scintillation crystal. 

& thin stilbene srystal was selected Sor the 
seintiliation erystai because of ite relative insensitivee 
ness to gamma radiation and ite linear response character 
istics for electrons with energies above 100 kilovolts.** 
A thicknese of one half millimeter was selected to provide 
an escape pesk for the 0.53 Mev. electrons whieh have ea 
range of 0,86 mm, in atilbene. A thirtyafive hundred 
thousandth of an inch aluminum foll seunted between the 
ieed shield and the crystal served both to absor> 0.033 
Mev, of the energy of the beta ray striking the erystai,?° 
and to reflect the photons emitted itn the crystel baci 
to the photemiltiplier tube, A potential of 1500 V.8.¢. 
wees supplied te a GuéMent 6291 photomultiplier tube by « 
neou glow tube reguiated power supply. This produced lerzs 
noise and better atabliity ef the dynodes than could be 
obtaaned by operating the tube from a battery pack. § 
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cathode follower was used to mateh the impedance of tie 
photomltiplier tube to the ooaxiel cable carrying the 
Signals to the linear amplifier. 

The linear agplifier consisted of an amplifier 
geetion similer to the Model 204 ¢ Linear Amplifier, 
Atomic Instrument Company, and 4 300 volt stabilised 
power suppiy*© eapable of delivering 150 ma, &4 50 cubic 
foot per minute centrifugal blower proviced air eireulae 
tion through the chassis. A thermostatically controlied 
heating element mounted in the alratream under the amplie 
fier section provided a constent temperature of the 
amplifier components, thereby stebilizing the amplifier 
gein,. 

An Atomic Instrument Company Model 510 pulse 
height enaiyser was used to select the energy range 
desired. ‘The number of pulses received from the ansiyzer 
wes registered on an Atomic Inetrusent Compeny Model 
1030A binery scaler. 

The tise interval for the counting period was 
determined by noting the number and tenths of seconds 
registered on a Precision Scientific Company "Time it” 
timer. ‘The timer operated unenever the "count" switel 
on the sealer was engaged. 
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A more detailed description of the above equipment 
and & Giscussion of the development and adjustment of 
the couponenty has been given by Bansed .-! 


RESULTS AND DISCUSSION 


The reguite of thie investigation are twereld: 
first, they give an tndélestion as to the mecheniam in- 
volved in 24lver selredirfusion; and seaend, they point 
out a method for obtaining the selfedirfuston caonstente 
of metals at temperaturer well below their meiting pointe, 

the theoretical caleulatione indicated that the 
maximum change in the counting rate fer raters with no 
applied centrifugei fields should be about one half pete 
cent. This trend toward higher counting rates was nosed 
by the statistics) error of 1.4 percent and consequently 
wen not detected, | 

On the other hand, the observed counting rate tpr 
these rotora which were subjected to high centrifugal 
fields inereased from three to five percent, It is cone 
C@ivabie that such an inerease could be ateributed to 
pertiol losses of the ordinery silver overlies, but mLeree 
scopic examination of the Cilws beth before and after 
centrifugation appeared to rule out thie possibility, This 
Change apparently must be due to the effect of the contri- 
fugeal field on diffuaton. 
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Of the three types of Gisfusion weenanisms 
considered, 4% shoulé be noted that citfusion by tive 
third mechaniss would be the foremost factor in pro- 
Gucing eny noticeable effect of the centrivugas Pield. 
For the first wechanism (intersticial Giffusion) the 
perturbation epplied to the avtivition energy would be 
negligibly smell because the centrifugei forse, large 
az it 48, 19 8t11]1 smell in vomparison wita the intere 
atowic forces, For tne sevond mechanisa (the exchange 
of position by two atoms) the differense in tae mass 
between the raucdioivcotopic eliver anc the oluinuny silver 
ig approximately two percent. Thus, essentially the 
same perturbation would be applied ta both types of atoms. 
However, for tine Uhird mechuniam (tre exchenge of an 
atom with os vacensy) the difference batween the aaseee 
of the two exchanging particies, the atoms and vacancies, 
4e ot tte maximan}] and if the centrifugal fielé is to asve 
any effect upon trherate ef diffusion, 1% should be moe 
apperent with thie mechanism, Contidering the relatively 
short ¢ise in whieh the ooumbhing rete bevame evident, it 
would appear that the selfedit ffusion OF Sliver lw secomplish- 
ea by the exchange of potttion of un atom and & vauaney. 

The pousihility ef ordinery sedimentation in tae 
letter two eases, each ef which heve & mage Cilterense, 
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should be considered. ‘thw difference of the menses 
of the particles exchanging positions is two atont« 
meses unite fer the second mechanism and one hundred ten for 
the third mechaniem. Tiwreforw, the sedimentation rate of 
the third mecheniem would be expected to be 55 times 
that of the second. Thus, et any time, t, one would 
expect that 55/56 of the total effect of any sedimentation 
woulc have resulted from the thii! sechanisu, 

Figures @ snd 3 represent a plot of the equations 
Geveloped in the Theery Section for the change itn eounte 
ing rate vereus time for several ervitrartiy chosen Giffuge 
ion constants. the experimental cata points are gupere 
imposed. it ¢en be seen in Figure 2 that the GUPrves 
plotted for b s 6 x 19743 oe 2 2 qx yorts fic the polats 
the beet. In Figure 3 1t ean be seen thet the curves 
corresponting te D equale 6 or 7 x 19743 Fit the ox- 
perimental points beet. From these two separate conditions, 
rotor speeds of 200,990 and 400,000 revolutions yer eecond, 
the diffugion constant ts found te be in the héigneorinecd 
of 6 to 7 x 10°43 contimetere squared per second. Spon 
inserting the value of the temernture maintatne chaning, 
this investigation, seventy «two degreen Centigrade, in the 
exprersion obtained by Turnbull and Hoffman! ror the grain 
boundary eel fadiffuston congtan? of silver et temperatures 
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aroum four hundred degrees Centigrade, a value of 7 x 19725 


centineters squared per secom is obtained, 

However, exagination of the curves of Figures 
3 and 4 show that there is & definite difference in rate 
of change of slope between thw curves and the obtained 
Gata. There ia need for a more comprehensive theory, 
which ineludes edditional conditions such as the differs 
ence in the vacancy migration rate toward the center of tre 
rotor end the vacancy formation rate in the grain bounde 
aries, to fully explain the deta, 
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APPENDIX i 


TASLE I 


AV 


n/i, 





No i L Q ra) ro ; 
I 0.46 21,696 10,260 11,460 10,202 411,530 0.970 
Ir 0.46 9,730 16,346 9,600 10,30 9,630 0.986 
Ill 0.92 13,023 10,211 10,963 10,189 10,580 0.96) 
Iv 0 (0 98 10, 309 10, 316 9,916 10, 365 9,870 0,998 
Ww 1.38 # 10,682 10,251 9,999 10,215 9,980 0.939 
VI 1.38 $21,223 10,103 10,584 +#=$=$®%\}0,162 10,430 0.932 
Vix 1.04 # 12,228 10,435 11,326 10,530 11,28¢ 06.925 
VIIZ 2.84 11,986 9,981 10,977 9,901 11,030 0.922 
Syubols 


N, & Number of counts per two minutes with rotor plateé with 


0.95 x 107° 


redicactive silver, 


3, = Mumber of counts per two minutes of atanderd rotor as 
teken iemediately following the counting of the test 





retor with i, counts. 


om of ordinary eliver enti 0.55 x 10" 


ca of 


4H. + Nwaber of counts per two aeinutes with rotor plated with 





overlay in addition to the above two layers. 


S «= Rumer of counte per two minutes of etandgard rotor as 
Oo 6taken lamedistely following the counting of the test 
rotor with ii, counts 


ie = Hig (S1/5,) 


T ws Thiskneas of overlay in unite of 10 


centimeters, 
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Ae Galdbration of Vempi] Sticks in vaecwuur: 











Rated Melting Temperature Melting Temperature ih 
Vacuum 
65.6° Cc. 63,2 = 65.2° ¢. 
794° ¢. 7308 @ 76.5° &, 
93.3° ¢. 9305 ~ 98.0" ¢. 





B, bate on dotor Tempereture, wien rotor was suspended on 
@ very fine fiber in vacuua: 














Rated Melting Suateining 
Temperature of cap tagalog prive and Full Derive 
Tempil Stiek Drive Light and Light 
51.7" ¢, melted Gi@ not melt did not melt 
65.6" ¢. did mot melt melted melted 
79.8° Cc, did not melt dG not melt did not melt 


93.3° ¢. GG not melt 14 not melt dig not melt 
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TABLE IIT 


CA, U0) POVOLUTLONS DS SOCOM RNG £2 G. 














(howe) Percent 
Ay iy ne Wie/ Nps change 
0.0 506, 5466 oe sen on on a anwwe 
1.4 5194 BAA 52350 1.032 30k 
6.4 4595 4806 5240 1.035 305 
0.0 4537  499R wae a — 
3.0 451% A792 4696 1.034 3.4 
5.6 4565 4820 i730 1.042 4.2 
10.3 8953 53552 &GGS & ORT 2ef 
14.6 4546 5156 4750 i eOS2 ert 4 
0.0 10966 $552 Ss a cance a onan 
O09 12195 4934 11260 1.024 24 














ui, * Counts of teet rotor per miniaum th alnutes 
Ne = Counts of standard votor per two minutes 
Ay, * Adjusted counts of roter per two minutes; equals 
i, (i, at time 6.0 houre ) 
TK, at the elapwer Cine of H,,) 


Hing = Hyp at time 0.0 hours. 
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TABLE IV 

pevolubhouy per second end 72° C._ 
6.0 Lae 324 6032 (a es oe: ee ee 40928 Oe 00 we on en ae io dh cee A a 
1.2 12,613 BOA 12, 606 4 G22 ay 4 
9.0 il ns 723 5360  oheeiaediadand Rei wae vn oan ain ae 
1.7 13,614 BSS 12,076 1.029 2.9 
0,0 LO, 063 6329 O13 ek WOR cage Nee os es co HS ee ae 
2.6 £0, 269 5263 19,419 429033 3e3 
0.9 5, O86 6135 so chlentlhctandiatiel 2 COP te 4Be 6h MRP OR tie OP cas 
37 9,327 SLE 9 359 & GZ 329 
OG 16,299 5052 0 ene carmen Gute ediin 
5.7 10, 565 5034 10,580 1.025 2.5 
9.3 10,612 SOG9 40, 590 3.889 2093 
Symbels: 


Hi, = Counts of test rotor per two minutes 
i, = Sounte of standard reter per two minutes 


Rng & Adjusted counts of test rotor per two minutes 
equals M, (Hy at tine @.0 hee) 
Tig SE Cae ETapSOT Une of K,) 
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APPENDIX IL 


Cred maT LORS 
A. Absorption Coefficient 


a 





banner marperceeentsoaneny store pry 2. Or tap NAS ete 
es 20.55 x 10"" em, 
1 & thickness of overlay 
—> X r 


\ | | 
O 





a L : 
Ali counts are measured by & crystal located et scam puint 
x Ss afi. 


N,(Wo, of counte with an overlay of thickness, 1 ) 


a a (L+a-y) muat ~ (ame) 
! ec - 
= [ L ie TE 





Nz = = 

M, (Ho. of counts without on overlay, 1 = 6). 
en.” 

MV; fs AD 

i. ee Bb te) 


Expanding tne powers cf e in series, 











= [trans BTL. el +i (i- 2-284 42 1% t +f 
Solving for >, ay mat °) | 
| 
= 74 
Maes 

i ‘ » 
0.46 x 107" om. 0.979 &.57 x 10° om” 
0.92 x 107 en, 0.959 4.46 x 10° enw) 
1.38 x 107" cm, 0.935 4.72 x 10° om” 
1.84 x 10°" on. 0.916 4.52 = 10° en* 


—_ 


4.57 x 10° on™? ave. 
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li, Caleulation of the maxiaum observable change in the 

counting rate after eyuillurium ses been reached by 

thermal diffusion. 

The number of counts per unit time before diffusion etarte la: 


ce 
———P ¥ 
eo a, & 





bh PY 
. ~)(h-a,) -2(£-4,) 
a ee PE ee) e <) 
7 oo é 


Tre number of counts per unit time after equilibrium has 
been yreacnied, ia: 


o| i 
LL 
> ar 4 


a) 
h 
he ~ar (4-¥) i-@e@ 
Pe te 
The ratic, om wilen i8 tie maximus Goservable change 
avter & very long pertod of tine is: 


We — 26 
a ee ed | cae ce 
N eo Alb-ay) Pea, 2 
a sal 
? = OSS */CO Eset 
A,» wo uw Epot 
~- $ 
A= 2.37% /0 Ever 
— ]f 
y - ee isco Cree 
Me e _f- OF F3e a ee S OOS 





Me 9393-0918 F 2.48 
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Determinetion of an effective tims to compensate for the 


affect of variable fields om diffusion curing tre accelerae 


tion and ceceleration periods. 
Tne acceleration and Geceleration remained constant during 


their respective pericds, 


zt ——_—____» 
5 i ee 
Ast. | 
) oe a es a a) a a | . 
Af 7m aes - |; : i we Corstant speed of Test 
| 
ae J : 
a 6 Se ES eS tive 
DAwtence diffused during time, t; x= Cut where o- 
t 


eaten els w 
: Cw oe ue ia “> 
Vonstant Speed: w/s wv 


Ztte2 


Xo~ xX, = é. C wo wht - C wy 
beceleration: iw / w ly - << 


Zt tyels = 


X5 = KR, = = Se" frm O23 (itt) Vode = Cu? = 
yt 


Total distance moved Guring the entire tine 483 


Ke Cw [+t +2] 
Thia came distence moved would Bave been obtained by 


operating at a constant speed for an effective tine, 
= 


} a 

C= Cw 
e 

t= —_ a+ 3 
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Selution of Fick*s one Gimengional equations fer the 
coneentration of the recicisotope 46 a function of tine 


and space. x 
¥ = WJ 
¢ = ae 
~->¥ » 
O 4 = A Fae 
AG) ~leeeGee) - eb cm7) 
ST ae oa * a ASK 
SC (x,t) _ J*Ct) J Ccx,t) 
rae — oo x 
fe sepavate the variables, let (x,t) = T(t). % &) (2) 
setting bot): sidew equal to 4 aonetant, — fr? 
ae _ + Past we 
ee ee a is obtained, 
i. a 
fie solution of the left hand side is: 7= Cc 7 (2) 
The solution of tne right hand side is obtained as follows: 
DG a Ab. he F- D =o 
ae a x of 


(i aa +#)% = © 
A ss ( 127-73 X') = a (144 4pa-1) 


sy Cite Pa } “games ig 
then x _ é. eae / Peg hk aa C, ya ye Sai )x 
hy letting Sal ipo (3) 
x» 


Za / / . 
a i @, me Cy am yo | 
Using the condition that C(«,t)-¢./ X= x x:) for eld 
times, t; 2% must = © thereby determining <’, . 
a a oe 
fr is found by solving (3) 
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Fick's equation for tne diffusion current ia: 
7 I CCx, 
Je - & SE Ent) CIS ae (4) 
By uning the condition that J-c at X= «= ° fop all time, 


end substituting the product of (2) and (3) for (1) in (4); 
O=-“ gall, )(1+0) = (2) 61) (A) Gai gpa aaa )+ @, 


tow , 
“—7r =--24 48 obtained which reguite in an infinite number ef 
pf? am with @ — infinite number of Bg ya 
Thus 2: © 72 4, y (Coa yu X — Cot. i aw ou: x) (5) 


and tne esncentration becomes: 


% <2 —~ $2 
C lu,t)e< ani ae C. € F ( eo fae X - cot f2s satay ed x ) (6) 


figaluation of the constant C.: ; 
tet —-<.. (x)=: ad ~ sete “A x 


Then at z= 0 
mae 
CE ae 7 = i Cy ty (x) (7) 
Maltiplying both otdes of (7) by_~.(x)and integrating over ot 
ylelcs: 
[ Cuore Ae olzc = foam ne’ tte: Ce rg CH obee. (?) 


The right hend side of (8) reduces to: 
Oe by gen? = Sy EE 2. 
If ali of os radioactive atows a Leseted at the cistance, 
he OM®%s = £ S(xK- a) 
te sutiely the condition 
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Upon EE the left hand side of (5) becomes: 


£ eo eas Ox) Stara lx 


Since values can be obtained only when x=-co , the expression 
~ oe ey 
reduces tor © <¢s'(4) @ [ x 
which upon integration becomes: 
J ae - — 
ef (era fy ~ ot fepinen ys ) 
Recomb ining woth parte of the equation (8), we obtain: 


en 
ze (con peje - cote ace py) = O, Jug tenes ete 


whieh, since fd mast equal - te obtain e value for the right 
hand side, presen tie velues for @.: 


@. 2" Maan: cot fag avin 0s ) SSA C7) 


Subetituting (9) inte (6), the equetion for the concentration 
becomes: 


Cx, t ae ef > e”™ ees (<os mm. eS an 


( a a lis cot pe tac fee! x ) (20) 
and (4) for sina z becomes : 
= >) ee ZA “pat ga’ Se all cot passim pos) 
F OM, t) A FAS e etry (~atm fac x — cots soe$,: x) fe (/1) 
&. Transportation of the solutions to tne Fick one dimensioned 
equations from concentration to counting rates. 
at any time, t, the amount of radioactive sliver diffused to 


tne outer surface, “~=-/ tLe: 
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Substitution of (41) fer J 7,2’) vesulte tn: 
. a = z . 
1/-HhEe 2 e ee wee pe ( com foe — cot ne oft -e ) 
frie ps C14 ae ) 


whieh reduces to: 
a c t~, ’ 
--ne% Fe? "Fran Teas on fe (1-9) (13) 


If we consider the counting rate for the perticies at the 

inner face, <= © to be one, then any movenent towarde the 
ia aa f X 

outer fece would result in an increase by ¢c or eé 

wneve 7- 74 and A ie the absorption evefficient 

c@leulated in pert A of this appendix. Therefore the counting 

rate observed at a time 7, es the result of the atoms diffusing 


to the free surface, x= / is: 





3 : 
et[i-ae SY eo ae 7%: (1-2) 7 (24) 
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Let us now consider the change in the counting rate resulting 


frem the atous distributed within tue fi ims. 
+ ~ 9 ts 
Clogs =p eS ee mite ail ae Of Et- 9) a gus) 
Dae gees ae es 
‘ae = 25 ere. - of ti a a a )eae~ fide (AS) 





Multiplying (15) by 2” ana integrating over < from 0 to l, 


we ae iy a Cigt )x ; : 
(1+ ates AEP ree yes (0) at pili-x) ob 


Lt2 A+ Gap, 


which is Of tne fori: 
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Gapetavabing C+.) or ¥ 
the counting rate at tine, €, resulting from the atoma dis- 
tributed in the files, is: 


a 
e@ ax “; Ee vi (i Yuin? } pie + Yoe4p,* = si “Ey a 


[ p ele - (Gate) om pe ~ Pi cow pi | ) (Ve) 
The total counting rete et time, (, ie the eum of (14) and (16). 
This is the counting rate when etarting with an initial delte 
function distribution. 

Sianee the preblem eoncernec with this experiment aetarte 
with a relatively tiiek Shim, 91,<x «2%. sentaining tne radice 
igotepe, it is neceseary to develop a correction to ccaupancate 
for thie initial dietribution. 
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© Q, Q, 4 
Pe fe uwa< eu fa o:, (1-4) ~pcoo p; (1-41) | 
ie Pe Gey +R 20 Pi ¢ COP P; 
oe ; | a ain pe (1 a) Pe mpi Vege, 
Gay + 


Latting thie expresnion be Gesignated by (dar By %, a.) and Lntycie 
using this into equetions (14) and (15) for the correction frou 
the delta function distribution se obtain for tne counting rate 

a tim, © ; 
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F. Derivation for the expression of the counting rate at time, T-o, 
for the geometry of the fllms, and assuming that the counting 
rate for the redioisotope at ¢-° is one. 
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